Because of their proportionately smaller iron stores at birth and the increased demands of a more rapid rate of growth, low birthweight infants are particularly susceptible to iron deficiency.' 2 Hence they require iron supplementation during the first year of life to maintain a safe iron balance. Supplementation varies from 2 to 4 mg/kg/day, depending on neonatal weight, and can be achieved using iron fortified formulas or medicinal iron, or both.3 4 Recently, it has been suggested that poor zinc bioavailability ensues from non-haeme iron supplements, related to a competitive absorption interaction of zinc and iron. 5 6 We therefore investigated the changes in plasma zinc concentration during iron supplementation of low birthweight infants.
Materials and methods
Thirty infants were studied (neonatal weight 820-2000 g). They were admitted to the neonatal unit because of their low neonatal weight. None of them needed intensive care. After discharge they were enrolled in a prospective follow up clinic, which had been in operation since January 1981. Each visit to the clinic included an interim history recall, a complete physical and neurological examination, clinical screening of the developmental state based on the Brunet-Lezine test,7 and an assessment of iron state. Starting from May 1984, at the fixed six month or one year (age corrected for gestational age=40 weeks) follow up visit, a venous blood sample was also obtained to assess plasma zinc concentration.
By the second month of life all the infants were being fed on a cow's milk adapted formula, containing 0-8 mg/100 ml of iron and 0-5 mg/100 ml of zinc. By 5-6 months of age they were being fed a follow up formula containing 1-2 mg/100 ml of iron and 0-5 mg/100 ml of zinc. In addition, supplemental medicinal ferrous-sulfate iron at a dose of 2 mg/kg/day (to a maximum of 15 mg/day) was also prescribed. At the time of examination 14 infants (11 aged 6 months and three aged 1 year) had been receiving medicinal iron supplementation and iron fortified formula for at least five months (high dose iron supplemented group). The other 16 infants (12 aged 6 months and four aged 1 year) had stopped medicinal iron supplementation for at least three months and had only been receiving iron contained in the formulas, corresponding to about 1 mg/kg/day (low dose iron supplemented group). The average (SD) weight of the 14 high dose infants was 1464 (437) g at birth, 7096 (1137) g at 6 months (age corrected for gestational age=40 weeks), and 9314 (1228) g at 1 year. At 6 months they had increased their weight by an average of 5-1-fold and at 1 year by 6-3-fold over birth weight, but the range of individual values was considerable, varying from 3-6-to 6-6-fold at 6 months and from 4-2-to 9-3-fold at 1 year. The average (SD) weight of the 16 low 346
Plasma zinc concentrations in iron supplemented low birthweight infants 347 dose infants was 1785 (193) g at birth, 6772 (1010) g at 6 months, and 8969 (883) g at 1 year. Their individual variation in growth had ranged from 2-9-to 6-1-fold over the birth weight at 6 months and from 4-0-to 7-9-fold at one year.
Iron The statistical analyses were calculated using Student's t test.
Results
The Table summarises the data on iron state and plasma zinc concentrations found in both high and low dose iron supplemented infants. All the values, except plasma zinc concentrations, significantly differ in the two groups. None of the high dose infants were found to be anaemic, whereas six (37%) of the low dose infants were. While two (13%) of the high dose group showed values of erythrocyte porphyrin:haemoglobin >3 ,ug/g and one (7%) values of serum ferritin <10 .tg/l, in the low dose group these figures were nine (56%) and six (44%), respectively.
The in the high dose group (a) and 80-160 ,ug/100 ml in the low dose group (b). These findings indicate that high dose iron supplementation affects iron state but not plasma zinc concentrations in low birthweight infants.
Discussion
Both iron and zinc are essential trace metals in humans. While they have different biological functions, they interact in their membrane transfer processes.
Solomons and Jacob conducted studies on the effect of iron and zinc absorption in humans and found that oral administration of inorganic zinc and ferrous salts at a ratio of 1:1 slightly inhibited zinc absorption, while an iron:zinc ratio of 2:1 and 3:1 substantially inhibited zinc uptake. 5 Craig et al evaluated plasma zinc concentration in full term healthy infants, aged 3-4 months, fed with different cow's milk formulas and found that plasma zinc concentrations in infants using iron fortified formulas were significantly lower than those of infants using unfortified formulas.6 In our study there was no significant difference in plasma zinc concentrations between high and low dose iron supplemented low birthweight infants.
The major difference between our investigation and that of Solomons and Jacob is that theirs was an experimental study while ours was a clinical one. Our main aim was to verify whether the fairly large amounts of iron given to low birthweight infants during the first year of life could influence zinc nutrition in these infants unfavourably. Solomons and Jacob gave high doses of iron and zinc in free solution after an overnight fast to healthy adult volunteers and evaluated the secondary increment in plasma zinc concentration during the following four hours. We assessed plasma zinc concentrations in healthy infants receiving prolonged inorganic iron supplements in large amounts but adequate to their needs, together with fortified formulas and other baby food.
This procedural difference is important as it is well known that the presence of dietary compounds in the intestinal lumen may affect the interaction and mucosal uptake of trace metals. Moreover, as the net absorption of these elements depends on the amounts ingested and the bioavailability of the source as well as the demand for each metal, the latter factor may influence the competitive interactions between iron and zinc in the intestinal mucosa greatly.12 13 To maintain optimal iron balance low birthweight infants need 2-4 mg/kg/day inorganic supplement. Even though this amount of iron provides an iron:zinc ratio > 1:1, the active absorption of iron in the proximal intestine may lower the iron:zinc ratio in the distal lumen to a level 5 that is also favourable for zinc absorption. 
